Background: Post-traumatic stress disorder (PTSD) and post-traumatic stress spectrum have been recently applied to understand the impact of life-threatening disease or injury in one's child; nevertheless, scant data are available on a particular chronic illness such as epilepsy whose phenotypic expression is seizures, which are acute, sudden, and unpredictable manifestations. Subjects with bipolar disorders or with mood spectrum symptoms demonstrated to be more vulnerable to develop PTSD in the aftermath of a trauma. Objectives: The main aim of this study was to evaluate post-traumatic symptoms among 134 parents of children with a diagnosis of epilepsy, followed at the outpatient neurologic unit of Department of Pediatrics in Santa Chiara Hospital in Pisa, as well as gender differences. The second aim of this study was to estimate the impact of lifetime mood spectrum on post-traumatic stress symptoms in the same study sample after fulfillment of the Trauma and Loss SpectrumSelf Report (TALS-SR) and the Mood Spectrum-Self Report (MOODS-SR) lifetime version. Results: Results showed 10.4% and 37.3% of PTSD full and partial, respectively. Demographic characteristics and clinical features of the study sample did not show any impact on stress symptomatology. Mothers presented higher rates at all Diagnostic and Statistical Manual of Mental Disorders (DSM)-5 PTSD symptoms' clusters except avoidance. Nevertheless, noteworthy correlations between post-traumatic symptomatology and mood spectrum symptoms detected with the self-report tools, emerged only in the subgroup of the fathers. Conclusion: These findings corroborate the need to provide assistance to caregivers of pediatric patients and confirm the hypothesis that lifetime mood spectrum may have an impact on reaction to traumas.
Introduction
The characteristics of a traumatic event influence the development of post-traumatic stress disorder (PTSD), and although it is now recognized that traumas considered more serious are associated with a greater incidence and a worse course of PTSD, many authors have underlined the importance of so-called "minor" events (adopting a spectrum approach to trauma) in the development of a post-traumatic symptomatology, focusing the attention on individual experience vulnerability. 1, 2 In this regard, a severe or life-threatening illness in one's child can be one of the most emotionally and destabilizing events for a parent, [3] [4] [5] so that subsequent revisions of the Diagnostic submit your manuscript | www.dovepress.com
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carmassi et al and Statistical Manual of Mental Disorders (DSM) have progressively introduced illness in one's child among the events considered as traumatic. Particular and apparently conflicting changes, however, occurred between the last two editions of the manual (DSM-IV and DSM-5) on this topic. On one hand, the DSM-5, in fact, seems to emphasize the relevance of traumatic events occurred to close ones, when splitting criterion A into the following four sub-criteria that mostly (three out of four) refer to indirect exposure to events happening to others: criterion A2 refers to a trauma that the person has attended as a witness; criterion A3 refers to a trauma that the person has become aware of but that has happened to others; and criterion A4 contemplates extreme or repeated exposure to traumatic details because of specific work activities (eg, first responders who have collected human remains). On the other hand, the DSM-5 adopts a more restrictive approach to the illness of one's child: while the previous manual reported "a threatening disease in one's child" among traumatic events (criterion A), the DSM-5 specified that the event must be "a medical catastrophe concerning one's child", a condition that endangers life at the moment. Consequently, the DSM-5 replaced a life-threatening illness with a medical catastrophe, so that while the former statement mainly highlighted the objective serious nature of the disease for one's child's health, the latest highlighted the need for the event to be sudden and dangerous, with major attention on the urgency and abruptness of the perceived threat. 2, 6 Literature on PTSD in parents and caregivers of pediatric patients has been focused on the impact of severe diseases mostly defined by a chronicity, such as cancer, type 1 diabetes, and to a lower extent, to epilepsy. [7] [8] [9] [10] One previous study specifically investigating PTSD found rates as high as 31.5% (according to DSM-IV-TR) among 77 mothers of epileptic children. 8 In a sample of 99 parents, we recently reported rates as high as 9.1% of DSM-5 PTSD (12.1% of mothers and 3% of fathers). 6, 11 Epilepsy, however, differs from the other chronic conditions because of the unpredictability of seizures, the absence of an absolute diagnostic test, and the stigma associated with this condition that are all characteristics that may render epilepsy potentially traumatic especially for a parent facing it for the first time in his/her own child. 12, 13 Parents most often attend child seizures due to their caregiving role and most of the time experience feelings of helplessness and inadequacy. 14, 15 Consistently, epilepsy is a disease characterized by a dual nature in which sudden and acute events, seizures, are incorporated in a chronic course with a completely unpredictable trend, especially in the cases of nonresponse to therapy. In the light of this, we believe that seizures and epilepsy, more in general, may fall under the definition of medical catastrophe required by DSM-5. 6 A relationship with interesting implications is the one between PTSD and bipolar disorders as well as mood spectrum symptoms. Bipolar patients, in fact, demonstrated to be more vulnerable to trauma and PTSD. [16] [17] [18] [19] In previous studies, exploring Italian PTSD patients, a correlation was found between lifetime subthreshold manic-hypomanic and depressive symptoms and both the likelihood of suicidal ideations or attempts. 20, 21 Rates of trauma exposure as high as 98% were reported in individuals with bipolar compared to 51%-61% of the general population. The National Comorbidity Survey (NCS) reported a lifetime diagnosis of PTSD in 38.8% of individuals with bipolar I disorder in contrast with 6.8% of the general population with more than double rates in women (9.7%) with respect to men (3.6%). 22 Gender, in fact, is one of the most recognized and investigated pretraumatic risk factors for developing PTSD. Despite this evidence on gender differences in PTSD prevalence rates in the aftermath of traumas, only a few studies focused on gender differences that affect PTSD symptoms. [23] [24] [25] [26] To the best of our knowledge, no data have yet been reported for the relationship between mood spectrum symptoms and post-traumatic stress symptoms in caregivers of ill children. In this regard, the aim of the present study was to fulfill this gap estimating full and partial PTSD rates as well as possible correlations with mood spectrum symptoms among parents of children with epilepsy, followed at the outpatient neurologic unit of the Department of Pediatrics, University of Pisa. Particular attention was devoted to gender differences.
Methods
study sample
Parents of children with a diagnosis of epilepsy followed at the outpatient neurologic pediatric unit of a major university hospital in central Italy (Section of Pediatric Neurology of the Azienda Ospedaliero-Universitaria Pisana, Pisa, Italy) between May 2015 and February 2016 were enrolled. A total of 100 couples paired for the same child were invited to join the study (200 people). All eligible subjects provided written informed consent.
The 
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Parents of epileptic children: mood influence on PTSD symptoms were also considered by means of the fulfillment of three of the four or two of the four B-E symptomatological criteria, respectively. 27 The SCID was administered by psychiatrists trained and certified in the use of the study.
Instruments, both the interview and the questionnaires, were performed during the execution of the child's electroencephalography (EEG) as it takes about an hour.
All subjects recruited also fulfilled the following two specific questionnaires, which explore post-traumatic stress spectrum symptoms and lifetime mood spectrum symptoms, respectively: the Trauma and Loss Spectrum-Self Report (TALS-SR) 28, 29 and the Mood Spectrum-Self Report (MOODS-SR) lifetime version. 30 The study was conducted under the approval of the Ethics Committee of Area Vasta Nord Ovest Toscana, in accordance with the Declaration of Helsinki.
instruments and assessment
The TALS-SR includes 116 items regarding the lifetime experience of a range of losses and/or traumatic events and lifetime symptoms, behaviors, and personal characteristics that might represent manifestations and/or risk factors for the development of a stress response syndrome. The instrument is organized into nine domains (further information and PDF of the tool is in www.spectrum-project.org). The responses to the items are coded in a dichotomous way (yes/no), and domain scores are obtained by counting the number of positive answers. In accordance with the aims of the study, all participants were asked to report symptoms related to their child's epileptic syndrome.
The internal consistency between the self-report (TALS-SR) and the structural clinical interview format (SCI-TALS) of the TALS always exceeded the threshold of 0.90, defining a substantial reliability in all the domains. 29 The MOODS-SR includes 140 items exploring mood spectrum symptoms, coded as present or absent for one or more periods of at least 3-5 days throughout the subject's lifetime. The items are organized into manic and depressive components (each one sub-typed into three domains exploring mood, energy, and cognition), as well as into a section that assesses disturbances in rhythmicity and vegetative functions, yielding a total of seven domains. The number of the mood-, energy-, and cognition-manic items endorsed by subjects makes up the "manic component" (62 items) while the sum of the mood-, energy-, and cognition-depressive items constitutes the "depressive component" (63 items). The "rhythmicity and vegetative functions" (29 items) explores alterations in the circadian rhythms and vegetative functions, including changes in energy, physical well-being, mental, and physical efficiency related to the weather and season and appetite, sleep, and sexual activities (further information and PDF of the tool is in www.spectrum-project.org).
The internal consistency between the self-report (MOODS-SR) and the interview format (SCI-MOODS) of the MOODS always exceeded the threshold of 0.88, defining a substantial reliability in all the domains. 30 
statistical analyses
The rates of endorsement of each DSM-5 diagnostic criteria as well as the TALS-SR and MOODS-SR mean scores were calculated in the overall sample and in the subgroups of mothers and fathers. In order to investigate gender differences, Chi-square test (or Fisher when appropriate) was used in the case of categorical variables and Student's unpaired t-test was used in the case of parametric variables.
Bivariate Spearman's correlation coefficients were computed to investigate possible associations between the TALS-SR domains and the MOODS-SR ones.
The statistical analyses were carried out using SPSS, Version 23.0.
Results
sample demographic and clinical characteristics
A total of 100 couples paired for the same child were invited to join the study ( We tried to increase the number of fathers by contacting them by phone as often they did not take children for the follow-up visits. Regarding mothers, the most frequent answer provided for dropping the study was the lack of time.
Sociodemographic characteristics of the overall sample, as well as divided by gender, are shown in Table 1 .
DsM-5 full and partial PTsD prevalence rates
Endorsement rates of each of the DSM-5 PTSD criteria are shown in Table 2 Statistically significant gender differences also emerged in the endorsement rates of criterion B (intrusion symptoms) (P=0.047), criterion D (negative alterations in cognitions and mood) (P=0.010), and criterion E (alterations in arousal and reactivity) (P,0.001) (Figure 1 ).
Stratifying the sample both on demographic characteristics (education, occupation, number of children, and psychiatric comorbidity) and clinical features of children's disease (type of epilepsy, type of seizures, and number of seizures), no significant difference in the post-traumatic symptomatology emerged.
Tals-sr and MOODs-sr rates of endorsement and correlations
Mothers reported significant higher endorsement rates with respect to fathers in the following TALS-SR domains: "reactions to losses or upsetting events" (P=0.035) and "re-experiencing" (P=0.037). No gender differences emerged in the MOODS-SR domains' scores ( Table 3) .
Computation of the bivariate correlation coefficients showed moderate-to-good significant positive correlations between TALS-SR domain IX (personal characteristics/ risk factors) and MOODS-SR domain IV (manic energy), TALS-SR domain II (grief reactions) and MOODS-SR domain VI (manic cognition), TALS-SR total scores and MOODS-SR domain VI (manic cognition), and TALS-SR and MOOD-SR total scores ( Table 4 ). The last correlation was the only one that persisted in the subgroup of mothers (Table 5 ). In contrast, in the fathers subgroup emerged several positive associations, particularly the following three strong associations: first, between TALS-SR domain IX (personal characteristics/risk factors) and MOODS-SR domain II (manic mood); second, between TALS-SR domain IX (personal characteristics/risk factors) and MOODS-SR domain IV (manic energy); and third, between TALS-SR total score and MOODS-SR total score (Table 6 ).
Discussion
Our results confirm some of our previous data 6 showing ~10% of parents of epileptic children reporting a diagnosis of PTSD, Table 1 
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Parents of epileptic children: mood influence on PTSD symptoms with a further 40% of parents endorsing criteria for partial PTSD. Intrusion symptoms and distressing memories also represented the most frequent symptoms in parents exposed to this kind of potentially traumatic event. It is interesting to note that the frequency of the partial forms of PTSD is perfectly in line with the data that has emerged in previous studies on parents of children with acute or chronic diseases. Farley et al, 31 investigating parents of children with heart transplants, showed rates as high as 40% of partial PTSD; consistently; Poder et al 32 reported similar rates among parents of neoplastic children. Our results seem to corroborate the importance of subjective impact of the seizure, rather its objective severity, in order to trigger post-traumatic stress symptoms in the caregiving parents as no statistically significant relationship emerged between post-traumatic stress spectrum symptoms and the clinical characteristics related to epileptic disease, such as type of epilepsy (idiopathic/cryptogenic and symptomatic forms) and type and number of seizures. There were no statistically significant correlations between arousal domain and number of seizures and this was surprising as we expected that repeated exposure, as witnesses, of parents to seizures could increase alarm responses and thus affect arousal symptoms. Consistently, Lindahl Norberg et al 33 evidenced how disease variables such as infant prognosis and the presence of a relapse in the clinical history did not impact on PTSD rates among parents of children with cancer.
An increased risk also emerged in the mothers with respect to fathers. In particular, mothers presented statistically significant higher rates of endorsement in the majority of the PTSD nuclear symptom clusters, such as intrusion symptoms, negative alterations in cognitions and mood, and alterations in arousal and reactivity, highlighting the increased vulnerability of female gender to consequences of trauma. In the US NCS Replication (NCS-R), Kessler et al reported PTSD rates as high as 6.8% according to DSM-IV with women (9.7%) showing higher rates than men (3.6%). Similar gender differences in PTSD rates have been reported in the aftermath of natural disasters, particularly earthquakes. 25, 34 The present results seem to confirm these data even in the case of a severe illness in a child. The analysis of the post-traumatic stress spectrum through the TALS-SR supported these data as mothers presented higher rates of endorsement in all domains, reaching statistical significance in both the reactions to losses or upsetting events and re-experiencing domains.
The analysis of the correlations between traumatic spectrum and mood spectrum highlighted noteworthy consideration regarding the fathers, as we observed how very interesting data have emerged in this subgroup with strong correlations between the manic components of the MOODS-SR and the total score of the TALS-SR. This result is consistent with previous studies that found the presence of a manic state after even indirect trauma exposure to be a relevant risk factor for the development of PTSD. 35, 36 Our results may also lead to hypothesize a major role of hyperarousal as a possible mediator of this association. There are high levels of hyperarousal in manic states, and hyperarousal has been suggested as a possible mediator of the severity and course of PTSD symptoms over time. 36, 37 Epilepsy is a disease that presents a great impact on caregivers since seizures are characterized by features of scary visual impact (such as convulsions, tongue biting, and relaxation of the sphincters) which suggest an event unmanageable with potential danger for life and without any certainty about its duration. 36, 37 There is, in fact, a state of continuous alarm and apprehension which a parent must face together with the unpredictability of the disease that leads constantly to fear both for the safety of the child and for the repercussions on the whole family. 12, 38, 39 A review on parental coping in the aftermath of childhood epilepsy reports how parents not only have to learn how to respond to this crisis situation and modify the daily activities of the family to accommodate the emotional and physical needs of themselves and their children, but they also have to learn to incorporate things such as medication, medical equipment, and periodic hospitalizations into their daily routine. 40, 41 We might speculate that lifetime mood spectrum symptoms may reduce the difference between females and males in terms of vulnerability to the post-traumatic stress spectrum. A similar result was found by Dunn et al 42 in 2012 where the presence of psychiatric comorbidity, especially depression or anxiety, flattened the differences between mothers and fathers in terms of PTSD rates.
Several limitations have to be taken into account when discussing our data. First is the limited sample size despite, to the best of our knowledge, this study has the largest sample of parents of children with epilepsy so far reported in literature. Second is the fact that this is a cross-sectional study without a control group and gender homogeneity that impairs the generalizability of the results. Last is the lack of information on the characteristics of epileptic illness of the children and on psychosocial comorbidities, in particular behavioral problems, which could have an impact on the TALS-SR scores.
Conclusion
Despite the limitations mentioned above, this study offers an important contribution to the detection of post-traumatic stress spectrum symptoms among parents of seriously ill children. Nevertheless, future work is needed to elucidate the relevance of recognizing these symptoms and the impact that they could have in the caregiving process of a particular and complex illness such as epilepsy.
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